The study presents a method for determination of enrofloxacin and ciprofloxacin in albumin and freeze-dried-eggs with the use of liquid chromatography with fluorescence detection. The procedure enables a simple isolation of fluoroquinolones from albumin based on extraction with acetonitrile, and from freeze-dried-eggs with acetonitrile under alkaline conditions. The samples have been analysed on ultracarb C8 liquid chromatography column. The gradient elution programmes consisted of the mixture of 0.03 M phosphoric acid with 0.002 M sodium 1-heptanesulfonate monohydrate and acetonitrile. The method has been validated according to requirements of the European Decision 2002/657/EC. Recoveries ranged from 78% to 83% for spiked freeze-dried-eggs and from 89% to 91% for albumin. The developed method can be applied for determination and confirmation of enrofloxacin and ciprofloxacin in albumin and freeze-dried-eggs.
Introduction
Bacterial diseases in poultry, especially paratyphoid infections, pullorum disease, foul typhoid, foul cholera, colibacillosis, mycoplasmosis, and ulcerative and necrotic enteritis have a negative impact on the efficiency of poultry breeding and eggs production (11, 17) . A high quality of poultry production depends on the proper conditions of farming, application of prophylactic vaccination, and effective antimicrobial therapy. There are many compounds, which can be used in antibacterial therapy in poultry. Enrofloxacin (ENR) belongs to the second generation of fluoroquinolones, which are the most effective group of synthetic antibiotics (19) . They are widely used in veterinary medicine because of the broad spectrum of activity and high efficacy against Gram-positive and Gram-negative bacteria (1) . Uncontrolled and illegal usage of fluoroquinolones in veterinary health care can cause deposition of their residues in food of animal origin. The most important consequence of the presence of the residues in food is their negative impact on consumer's health. The European Union established regulations concerning the use of antibiotics, especially in regard to the control of residues in poultry products. The maximum residue limits (MRLs) for fluoroquinolones in different edible tissues have been established according to the 37/2010(EU) (3), although they are forbidden in antibacterial therapy of laying hens because of their accumulation and long term persistence in eggs and processed eggs (albumin and freeze-dried-eggs). However, data from the literature and Rapid Alert System for Food and Feed (RASFF) indicated that there were incidents of ENR illegal use in laying hens' therapy (15) . Many analytical methods for determination of ENR in animal tissues, feed, milk, and egg have been described (6, 10, 13, 14) . Nevertheless, none of the developed methods concerns analysis of these compounds in albumin and freeze-dried-eggs. Due to the widespread use of albumin and freeze-driedegg in pharmaceutical industry and food processing, the aim of the study was to develop a simple, fast, and reliable analytical method for the determination of enrofloxacin and its metabolite ciprofloxacine (CIP) (Fig. 1 ) in processed eggs. ) by the Milli-Q water-purification system (USA). The 0.22 µm PVDF syringe filters were from Restek (USA). All reagents used were minimum of analytical grade and analytical purity.
Analytical standard and standard solutions. ENR (CAS: 33699) and CIP (CAS: 33434), were from Sigma -Aldrich, (USA). The standards were of a minimum 97% degree of purity. Individual stock standard solutions (1 mg/mL) were prepared in methanol. Working and mixed standard solutions were prepared in 0.03 M phosphoric acid with 0.002 M sodium 1-heptanesulfonate monohydrate/acetonitryle, (80:20, v/v). Stock standard solutions and working mixed standard solutions were prepared in amber volumetric flasks and stored at -18°C and at 4°C, respectively.
Instrumentation. The instrumental analysis was performed on Shimadzu VP Series (Japan) with a LC10ATvp binary pump, DGU-14A online degasser, SCL-10 Avp gradient controller, and CTO-10ASvp column thermostat coupled to a RF-10 AXL fluorescence detector. The chromatographic separation was accomplished with gradient elution on Ultracarb C8 (150 mm × 4.6 mm, 5 μm) column (Phenomenex) coupled with a C8 (4 × 3 mm) security guard column. The data acquisition system was CLASS-VP V6.13 SP2 workstation. MPW-6K15 centrifuge (MPW Med. Instruments, Poland) and VLM -EVA EC1/EC2L (VLM, Germany) sample evaporator were used in sample preparation.
Sample preparation. Albumin: 1 ± 0.01 g amount of sample was weighed and 1 mL of water was added. Then the sample was briefly homogenised with a Vortex mixer for 1 min, and then 8 mL of acetonitrile was added. The content of tube was again homogenised with a Vortex mixer for 2 min, mechanically shaken for 10 min, and centrifuged at 4500 rpm for 10 min at 0°C. The supernatant was moved to the 10 mL glass tube and evaporated to dryness under a stream of nitrogen at 45°C. The residue was dissolved in 0.5 mL of HPLCmobile phase and filtered through 0.22 µm PVDF syringe filter into the vial.
Freeze-dried-eggs: 1 ± 0.01 g amount of sample was weighed and 1 mL of water was added. Then the sample was briefly homogenised with a Vortex mixer for 1 min, and 7.80 mL of acetonitrile and 0.2 mL of 25% ammonium hydroxide were added. The content of tube was homogenised with a Vortex mixer for 2 min, mechanically shaken for 10 min, and centrifuged at 4500 rpm for 10 min at 0°C. The supernatant was moved to the 10 mL glass tube and evaporated to dryness under a stream of nitrogen at 45°C. The residue was dissolved in 0.5 mL of HPLC-mobile phase and filtered through 0.22 µm PVDF syringe filter into the vial.
Liquid chromatography-fluorescence detection. The chromatography separation of analytes was performed on Ultracarb C8 column. For the analysis of ENR and CIP in albumin, mobile phase consisted of acetonitrile (A) and 0.03 M phosphoric acid with 0.002 M sodium 1-heptanesulfonate monohydrate (B). The gradient elution programme started with 20% of A (0 to 4.00 min), increased to 25% of A (4.01-6.00 min) and 28% of A (6.01-13.00 min), then returned to the 20% of A (13.01-20.00). For freeze-dried-eggs, the mobile phase consisted of gradient elution programme combining also the same solvents with unit as follows: 20% of A (0-4.00 min) then 26% A (4.00-12.50 min), and back to the 20% of A (12.51-20.00 min). All samples were analysed in the flow rate 1.0 mL/min and injection volume was 30 µL. The fluorescence detector was set at the excitation wavelength = 280 nm and emission wavelength = 465 nm. Chromatographic separation was performed within 20 min, maintained at 35°C by column oven thermostat.
Validation procedure. The method was validated according to the Commission Decision 2002/657/EC (2). For the validation procedure and optimisation process, all albumin and freeze-dried-egg samples were obtained from different supermarkets in Poland. The samples used for validation procedure were previously determined to be free of the ENR and CIP.
Six blank samples for each of both matrices were spiked with the mixture of ENR and CIP on three levels: 5, 10, and 15 µg/kg to determine repeatability, withinlaboratory reproducibility, and percentage recovery. For the repeatability study, the samples were analysed on the same day with the same instrument and the same operators. The within-laboratory reprodu-cibility was determined by fortifying other two sets of blank matrice sample at the same three concentration levels and analysing on two different days with the same instrument and different operators. The overall coefficients of variation (CV) of the fortified samples were calculated for repeatability and within-laboratory reproducibility. The specificity, limit of detection (LOD), and limit of quantitation (LOQ) were checked by analysing 20 mixed blank samples for matrices from different sources. The linearity, precision, decision limit (CC ), and the detection capability (CC ) were determined by the matrix-matched calibration curve (2) . The stability of the stock standard solution was determined in the following order: 1 d, 7 d, and 1, 3, 6, 12 , and 18 months. The solutions were stored at 4 C and -18 C. The stability of ENR and CIP in egg albumin and freeze-dried-egg samples were evaluated by analysing blank samples fortified with the both analytes at the level of 10 µg/kg. These samples were stored at -18 C and analysed after 1 d, 7 d, and 1, 3, 6, 12, and 18 months. The robustness of the method was estimated according to the Youden approach described by Plackett et al. (12) and Vander Heyden et al. (18) for the following parameters: amount of extraction solvents (in the range from 7.5 mL to 9 mL of acetonitrile) and evaporation temperature (in the range from 40 C to 45 C).
Results
The developed method for determination of ENR and CIP in albumin and freeze-dried-eggs was successfully validated. The matrix-matched curves showed good linearity for both compounds in each matrix; correlation coefficients (r) were more than 0.98. With regard to the specificity of the method, no potential interfering compounds were detected and no peaks were observed at the retention time of the ENR and CIP in both methods. The chromatograms of spiked samples, standard solution mixture, and blank samples are shown in Fig. 2 . The mean recovery and the overall coefficients of variation (CVs) for repeatability and within-laboratory reproducibility were calculated for both matrices. For ENR and CIP, average recovery ranged from 78% to 91% and average CVs ranged between 7.13% and 8.73% for within-laboratory reproducibility and between 5.99% and 7.16% for repeatability. The LOD was in the range of 5.0 µg/kg to 5.19 µg/kg, LOQ was in the range of 5.16 µg/kg to 5.38 µg/kg for ENR and CIP in both egg matrices. CC and CCβ for presented matrices was from 5.62 µg/kg to 5.94 µg/kg and from 6.12 µg/kg to 6.71 µg/kg, respectively. The validation parameters are shown in Table 1 . Robustness test proved that there was no significant influence of the chosen factors on the results of the analysis. The individual stock standard solution for ENR and CIP stored at -18 C remained stable for at least 6 months. The ENR and CIP mixture standard solution stored at 4 C should be prepared fresh every 3 months. The tested fluoroquinolones remained stable in processed egg samples at -18 C for at least 12 months. 
Discussion
The albumin and freeze-dried-eggs are the egg products obtained in the process of freeze-drying which is the optimum method for the food drying at low temperature and under high vacuum. This process allows to eliminate harmful effects of high temperature on the structure and components of the sample, and to avoid the influence of air oxidation. Because of that, the removal of undesirable residues of ENR and CIP in that process is impossible. Due to the real risk of occurrence of ENR and CIP residues in processed eggs, it was necessary to develop a method for determination of ENR and CIP residues in albumin and freeze-driedeggs. There are many analytical methods for determination of fluoroquinolones in hen egg yolk (5, 7, 8, 9, 16) and albumen (4, 20) , but none of them covered the ENR and CIP determination in processing eggs.
To optimise the HPLC-FLD conditions, different chromatography columns (C18 and C8, Ultracarb C8) with different parameters and various mobile phase compositions (acetonitrile, methanol coupled with formic acid buffer, trifluoroacetic acid, pentafluoropionic acid and phosphoric acid with sodium 1-heptanesulfonate monohydrate) were tested. Chromatographic elution programmes (gradient, isocratic) were also developed. The most satisfactory results, such as: the best separation from matrices compounds, the best peaks shape, good recoveries and short elution time for ENR and CIP were obtained on Ultracarb C8 chromatography column with acetonitrile and 0.03 M phosphoric acid with 0.002 M sodium 1-heptanesulfonate monohydrate as a mobile phase. Due to the different compositions of albumin and freezedried-egg samples, it was necessary to develop two different elution gradient programmes to obtain the best chromatographic separation of the analytes (Fig. 2) .
The majority of the published methods for the determination fluoroquinolones in eggs describe long time-consuming procedure of sample preparation. Some methods use double extraction procedure with different organic solution (8) , triple extraction procedure (4), organic extraction step after then organic purification of sample and re-extraction (16), extraction with three compounds composition, evaporation and organic purification of extract again (20) . To optimise the sample extraction procedure, methanol, methanol with acidic buffers, acetonitrile, acetonitrile with ammonium, and different acids were tested. During the experiment no extraction solvents were good enough to obtained isolation of analytes from biological samples. It was necessary to add water before extraction procedure, to achieve the compounds isolation. The best recoveries and satisfactory ENR and CIP isolation for albumin samples was obtained with the use of acetonitrile only. In the case of extraction procedure with acetonitrile for freeze-dried-eggs, the obtained recoveries were unsatisfactory (<40%). The addition of 25% ammonium hydroxide was tested and better isolation and recovery of fluoroquinolones was found. To develop the clean up step, syringe filters (nylon, PTFE, PVDF) and centrifuged filters (0.2 and 0.4 Nanosept MF) were examined. The best purification results with no losses of analytes were achieved when 0.22 µm PVDF syringe filter was used.
The developed method for determination of ENR and CIP residues in such specific matrices as albumin and freeze-dried-egg, allows for a rapid and fast analysis. The method provided the quantitative results for ENR and CIP residues, which were successfully validated according to the Commission Decision 2002/657/EC, and were proved to be sensitive. The described method can be applied for doubtful samples analysis. 
